This mini-tutorial will provide high-level guidance on designing a requirements management solution and selecting a requirements management tool. The guidance will focus on first understanding the context, stakeholders and tasks, so on articulating the problems that need to be addressed and the constraints that shape viable options. The guidance will also attend to the equally critical issue of managing the high expectations that are typically associated with requirements management tool adoption and use. Through examining the minimum and desirable requirements, based upon the type and size of project, the question of whether a requirements management tool is needed at all can also be considered.
Motivation for Tutorial
Requirements management tools form an integral part of most requirements management solutions. As a consequence, procuring a requirements management tool can be one of the most costly decisions an organization can make. If hasty decisions are made, the initial costs can be negligible in relation to the subsequent impact on the organization's software development and maintenance efforts. Any investment in a requirements management tool is thereby often a strategic investment in the future ability of an organization to do business.
Despite what appears to be an abundance of useful information for those practitioners who are faced with designing and implementing requirements management solutions (see the next section for a summary of some of this information), the question: 'which requirements management tool do you recommend?' is still one that gets posed regularly on requirements engineering mailing lists and at requirements engineering conferences. This mini-tutorial aims to pre-empt this question at RE'09 and to summarize some of the more salient points from this extensive resource base.
For clarity, the mini-tutorial will adopt the definition of requirements management as recommended by the Software Engineering Institute:
The purpose of Requirements Management (REQM) is to manage the requirements of the project's products and product components and to identify inconsistencies between those requirements and the project's plans and work products. [3] .
Requirements management is therefore the activity concerned with the effective control of information related to system requirements and, in particular, the preservation of the integrity of that information for the life of the system and with respect to changes in the system and its environment. Tools to support the wider aspects of requirements engineering, such as the initial exploration and negotiation of stakeholder needs, will not be the primary focus.
Selecting Requirements Management Tools
A number of evaluation frameworks exist to assist practitioners in selecting requirements management tools. One of the most extensive, maintained and updated since the 1990s, is that which is available on the website of the International Council on Systems Engineering (INCOSE) [10] . It provides a list of features through which a number of leading commercial and open-source tools can be compared. While useful for a cursory assessment, tool selection based solely upon a matching of desired and reported features can lead to a somewhat misguided procurement decision, particularly if the needs assessment is driven purely by available functionality. It should also be noted that the framework has been populated by answers to standard survey questions, as completed by the tool vendors themselves, so further independent research is obviously required of practitioners for decision-making purposes.
In addition to such comparative frameworks, a number of leading requirements engineering consultants maintain relatively up-to-date descriptions of current commercial and open-source tools for requirements management on their websites (The Atlantic Systems Guild [16] and Ian Alexander [1] providing for two popular independent resources). In the industry press, a four hundred page issue of a German magazine for IT professionals 'iX' was also recently dedicated to the topic of requirements management and the supporting tools [11] (available only in German).
Since the emergence of commercial requirements management tools in the late 1980s and early 1990s, a number of articles have been written to help practitioners with the tricky problem of tool selection. Wiegers, for instance, offers very practical advice for automating an established requirements management process and matches four popular tools of the 1990s to a set of core features [18] . Providing for more depth, Hoffman et al. present a role-oriented perspective on the required features of a requirements management tool and offer a comprehensive catalog of requirements for requirements management tools based upon this work [9] . Further, a value-based approach to tool selection has been developed at Siemens Program and Systems Engineering and this is described in Heindl et al. [7] . This approach considers the value contribution of individual tool features in order to rate a tool's support for different project types.
Most text books that focus on requirements engineering also cover support for requirements management. For example, Rupp's text includes a fourteen page questionnaire designed to assist with the evaluation and selection of requirements management tools [12] , while an updated version of this text includes a chapter that focuses upon how to find the right tool for a company and project [13] (both editions available only in German). Ebert's text also includes a chapter on requirements management tools and a checklist for selecting a tool [5] (also available only in German). Meanwhile, the new text by Berenbach et al. dedicates an entire appendix to explaining how to configure and manage a requirements database to support requirements management [2] . Practitioners recognize that this is an outstanding problem worthy of attention.
In addition to describing core features, the independent technology and market research company Forrester Research, Inc. delineate those features they consider out of scope for a requirements management tool [15] . More pertinently, they challenge practitioners to consider the nature of the wider requirements problem in their organization first and foremost in order to determine whether a requirements management tool is actually needed at all. Requirements management solutions was also the topic of a Forrester Wave TM in 2008 [14] . Such publications claim to employ an objective methodology to evaluate competing vendor products so as to support customers to-be in their decision-making.
All such frameworks and practitioner guidance tend to omit the alternative option of developing a home-grown tool for requirements management. Recently, it has become increasingly common to adapt tools primarily designed for other purposes (such as defect and issue-tracking tools) or to configure general-purpose tools (such as wikis) to achieve lightweight support for requirements management [4] . This route is one that has been taken by many over the years, even as the number of available offerings has grown and the range of support and price has widened, but it is a route that also presents its challenges if not tackled in a systematic and problem-oriented manner.
A number of useful experience reports have been written by practitioners that provide for a sobering perspective on practice when it comes to requirements management tool selection and adoption. For example, Hammer and Huffman discuss the risks to a project of using a requirements management tool incorrectly and argue the need to bring various stakeholders together to define tool use before setting off [6] . Tvete alerts others to how the effort involved in evaluating requirements management tools can be somewhat underestimated when attempting to introduce an improved requirements management process into an organization [17] . Higgins et al. explain the dilemma of how it is ineffective to introduce a requirements management tool without a process, yet how it is equally difficult to implement a process without a supporting tool, so advises parallel introduction [8] .
Tutorial Outline and Objectives
This mini-tutorial will attempt to address the somewhat invariable and inevitable question of 'which requirements management tool?' by providing a problem-oriented framework through which to reformulate the question and so guide decision-making. Rather than a point solution, tools form part of a wider requirements management solution that depends upon the situation, underlying process, people, levels of investment and many other factors, so the question will be examined within this broader context. The mini-tutorial will therefore articulate the more fundamental questions that need to be asked to uncover the requirements and constraints surrounding requirements management solutions and the tool selection process. It will also provide some guidance on the prerequisite and ongoing activities that underpin the successful adoption of tools. Challenges and common pitfalls will be highlighted, along with the critical issue of expectation management. Examples will be used to illustrate concepts during the mini-tutorial, though the intention is not to single out tools or to compare and contrast actual tool offerings. Rather, the goal is to provide practitioners with a high-level framework and initial starting point through which to guide their own future enquiry and discovery.
Audience for Tutorial
The mini-tutorial will be targeted primarily toward those practitioners concerned with improving the effectiveness and efficiency of requirements management practice within their organization and on their projects, and those attempting to navigate the various requirements management tool offerings. It will also be of some interest to requirements management tool vendors, consultants who help organizations to configure and adapt tools to their processes, researchers studying the topic and educators exploring the use of requirements management tools in the classroom.
